I I, 

-J ! 




10 



15 



20 



25 



30 



40 



PATENT SPECIFICATION 

Inventor :— GEORGE OULIANOFF. 



Date of filing Complete Specification : June 9, 1950. 
Application Date : June 27, 1949. No. 17028 \49. 
Complete Specification Published : Jan. 21, 1953. 



686,383 



Index at Acceptance :— Class 51(i), Albla. 



COMPLETE SPECIFICATION. 



Improvements in or relating to Gas-Turbine Engines. 



We, Roixs-Royce Limited, a British 
Company, of Nightingale Road, Derby, do 
hereby declare the invention, for which we 
pray that a patent may be granted to us, and 
the method by which it is to be performed, 
to be particularly described in and by the 
following statement : — 

This invention relates to gas-turbine 
engines and is concerned more particularly 
with combustion equipment for such engines. 

One well-known form of combustion equip- 
ment comprises a plurality of separate com- 
bustion chambers disposed in a ring about a 
shaft interconnecting an engine compressor 
with an engine turbine, each combustion 
chamber comprising a tubular air casing 
with a, substantially coaxial flame tube 
located -within the air casing in spaced rela- 
tion thereto ; in such a construction the 
combustion of the fuel occurs" within the 
flame tube and the air entering the combus- 
tion chamber flows partly into the flame tube 
at its inlet end (that is the end adjacent the 
inlet of the combustion chamber) and partly 
around the outside of the flame tube between 
it and the air casing to enter the flame tube 
at points along its length. 

A second well-known form of combustion 
equipment comprises an annular combustion 
chamber formed by inner and outer air casing 
walls which encircle a shaft interconnecting 
a compressor and turbine and a plurality of 
flame-tubes disposed within the annular 
space between the air casing walls ; in this 
.construction also the air entering the flame 
.tubes flows partly through their inlet ends 
ami partly around the outside thereof in the 
spaces between the flame tubes and the air 
casing walls to enter, the flame . tubes at 
points along their length, the fuel being burnt 
within the flame tubes. 

A third well-known form of combustion 
equipment comprises an annular combustion 
[Price 2s. Zd.] 



chamber formed by inner and outer air casing 
walls which encircle a shaft; interconnecting 
a compressor and turbine, and a substantially 
coaxial annular flame tube disposed within 
the annular space between the air casing walls 
and in spaced relation thereto ; in this con- 
struction also the air entering the flame tube 
flows partly through its inlet end and partly 
into the annular spaces between the flame 
tube and the air casing walls to enter the 
flame tube at points along its length, the fuel 
being burnt within the flame tube. . 

In each of these constructions, the inlet 
end of a combustion chamber is normally a 
chamber (hereinafter referred to as an expan- 
sion chamber) of increasing cross-sectional 
area in the direction of flow of gas through it, 
and the separation of the air flowing directly 
into a flame tube and the air flowing outside 
it is normally effected in the expansion 
chamber. Hitherto, such separation has 
. been effected by an integral part of the flame 
tube. 

According to this invention, there is pro- 
vided in combustion equipment comprising 
a flame .tube located within and spaced from 
an air casing, means to separate air entering 
the flame tube at its inlet end from air flowing 
around the outside of the flame tube compris- 
ing a duct part, made in one piece, of which 
one edge divides the air flow and which is 
supported from the wall of the expansion 
chamber portion of the air casing by one or 
more struts extending from the duct part to 
a point of connection with the expansion 
chamber wall, and which is arranged to afford 
at its outlet end a support for the inlet end of 
the flame tube. Preferably the strut or 
struts are made integral with the duct part, 
and preferably the duct part affords a passage 
therethrough which diverges from its inlet end 
to its outlet end. 

In the arrangement of this invention, 
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therefore, the means to separate the air 
entering the fame tube at its inlet end from 
air flowing round the outside thereof is 
separate from the flame tube, the latter being 
5 removable independently thereof. 

According to a feature of the invention, 
the strut, or some or- all of the struts may 
have an extension to within the diverging 
passage through the duet part and may termi- 
10 nate in a boss for supporting a. fuel injection 
nozzle, the fuel feed ducts to the nozzle being 
formed in a strut or struts. 

According to yet another feature of this 
invention, the duct part may- be arranged 
15 to support the inlet end of the flame tube by 
having a part at least of the periphery of its 
outlet end formed as a seat with which the 
inlet of the flame tube is engaged. 

In constructions, of combustion equipment 
20 comprising a plurality of separate air- casings 
housing mdivjdual.flame tubes, the duct part 
wjlLnoimally be festq-conical and the peri- 
: : bhery: of the larger end of the duct part may 
conve^enliy be arranged to support the inlet 
25 end of the flame tube b_y being formed at its 
outlet end; with a cylin<Jrical flange which 
.fits, into the inlet to the flame tube. 

In.consi^ of combustion equipment 
comprishig;a plurality, of flame tubes in an 
30 annular chamber a similar duct part may be 
employed.. - 

In constructions, of combustion equipment 
comprising an; annular flame : tube between 
co-axial; annular air casing waflSj. the air 
35 separating means may comprise a plurality 
-of duot parts, each having the form of a sector 
of aplaimulus (or " pillar-box 53 slot form) 
a^toge^er-forming an annularly estending 
duct,, and %§ : flame tube, may be supported 
40 by en^a^ng. its- inlet end oyer the radially 
inner; and outer peripheral portions of tbe 
duct.p^a.at.leasth Each of the sector duct 
paris J& naade in one piece, and its leading 
edge divides the air flow. Conveniently 
45 -each: oS the sector., duct parts is supported 
froni the wall of the expansion chamber by a 
"single ^ s^ut/ Two or more injection nozzles 
may be assQpAated with _each sector duct part 
and- a pteality. Qf the sector duct parts may 
50 b.§ empjoyed* "to a. substantial^ 
assembly.. 

IK some constructions according, to the 
- invention, the duct part may be formed 
internally .with a liner- so that a desired 
55 internal profile may be- obtained indepen- 
dentlyiof the external profile-ofr thcduct part. 
• The linei will preferably be- formed of sheet 
metal to save -weight. 

" Three. constructions of combustion equip- 
60 ment for gas^turbine engines embodying this 

invention Hrill; now be described, by way of 
. example, the "description making reference to 
' the>ccompanying drawings in which : — 

Figure 1 is a view of the inlet end of one 
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form of combustion chamber with parts in 65 
section ; 

Figure 1A is a view on a larger scale of a 
part of Figure 1 ; 

Figures 2 and 3 are sections on the lines 
2 — 2 and 3 — 3 respectively of Figure 1 ; 

Figure 4 is a view corresponding to Figure 
1 of a second construction of combustion 
chamber ; 

Figures 5 and 6 are sections on the lines 
5—5 and 6—6 of Figure 4 ; 

Figure 7 is a view corresponding to Figure 
1 of a third construction of combustion equip- 
ment ; 

Figure 8 is a section on the line 8 — 8 of 
Figure 7 ; and 

Figure 9 is a section on the line 9 — 9 of 
Figure 8. 

In the first embodiment illustrated in 
Figures 1 to 3, the combustion equipment for 
the gas-turbine engine comprises a plurality 
of combustion chambers of which only one is 
shown. 

Each combustion chamber consists of an 
air casing 10 with a flame tube 11 mounted 
centrally within the air casing lfr so that the 
air entering the combustion chamber, say 
from a compressor delivery 12, is divided into 
two streams, one entering the flame tube at 
its mouth 11a and the other flowing around 
the outside of the flame tube 11 in the annular 
space 13 between the flame tube 11 and air 
casing 10 to enter the flame tube through 
apertures or passages in the wall thereof. 

In this construction, as is usual, the inlet 
end of the air casing is formed as an expansion 100 
chamber 10a. 

The flame tube 11, which is manufactured 
from sheet metal, has its inlet end located 
downstream from the inlet end of the expan- 
sion chamber 10a and the mouth 11a of the 105 
flame tube 11 is bounded by an axially- 
extending cylindrical flange 14 formed by 
turning the metal bounding the mouth of the 
flame tube back upon itself. A short sleeve 
14a may be welded to the flange 14 internally 110 
thereof to provide a bearing surface. 

In accordance with this invention, means 
is provided which separates the air entering 
the combustion chamber into two streams, 
one of which passes into the flame tube 11 
through the mouth 11a thereof and the other 
of which streams flows around the flame tube 
11 to enter it through apertures or passages 
in its walls. 

In this construction the means comprises a 
frusto-conical duct part 15 which is located 
within the expansion chamber 10a and 
extends from adjacent the inlet end of the air 
casing to the plane of the mouth 11a of the 
flame tube 11, the duct part 15 having its 125 
narrower end adjacent the inlet to the air 
casing. The duct part has formed integrally 
with it three equi-angularly disposed radial 
strut-like parts 16 by which the duet .part is 
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connected: with the air casing. These strut- 
like- parts- extend radially from the outer 
surface of the duct part 15 to- terminate in 
feet U7' which engage: within recesses- of 

.5 blktec^ika features 18. in. the wall of the 
expansion chamber lO.a. and. the strut-like 
parts axe-, secured; to the expansion chamber 
by these feet 17. ' 

Each stratrlike part 16 has an. extension 

10 16a. projecting; radially inwards from the duct 
part 10- to, a. central boss 19 which supports a 
Sue! injection device 20 and the fuel supply 
to>the fuel injection device 20 is led through 
, ducts. 21 running through, the' strut-like parts 

15 16, 16a from the feet. 17 thereof. Conveni- 
ently the feet 17 are provided with threaded 
sockets which receive union plugs 22 and the 
unibn pings 22' extend through the walls- of 
the blister-like features 18 to secure the feet 

20 17 to the walls of the expansion chamber 10a. 
' The larger end of. the frusto- conical duct 
part 15 is formed externally with a cylindrical 
seat 23 to engage within the sleeve 14a 
secured to the flange 14 bounding the mouth 

25 11a of the flame tube 11, so that, when the 
duct part 15. is located in. position, the inlet 
end. of the flame tube can be supported by 
the short sleeve 14a engaging, on the cylin- 
drical seat 23.. The. duct part 15 is also pre- 

30 ferably formed with a. shoulder 24 to limi t, 
the extent of axial movement of the flame 
tube 11 in the upstream direction when it is 
engaged with the cylindrical seat 23. 

Referring now to Figures 4 to 6,. there is 

35 illustrated a second construction of combus- 
tion equipment which is of the type com- 
prising: an annular combustion chamber 
having, an. inner annular wall 30 and an outer 
annular, wall 31 and a plurality of tubular 

40 flame tubes, such as the flame tubes 11 of the 
arrangement of Figures 1. to 3^ disposed in a 
ring within the space between the inner and 
outer air .casing walls 30, 31. As. will be 
seen, from Figure 4, the inner and outer walls 

45 30, 31 are connected with a- compressed air 
delivery section 32 and they diverge away 
from one another at their inlet end to form an 
expansion chamber: 
As in the construction of Figures 1 to 3, 

50 the mouths 11a of the flame tubes 11 are 
located- downstream, of the- inlet end of the 
expansion* chamber, and there is provided 
for- each flame tube 11, means to divide the 
air- entering the expansion chamber into two 

55 streams^ one- of: which enters, the flame tube 
11 through the mouth 11a thereof and the 
other of which flows into the spaces between 
the flame tubes 11 and the inner and outer 
air casing walls 30 and 31 and enters the 

60 flame tubes through apertures in the walls 
thereof. 

The means for dividing the air flow into 
two streams is similar -construction to that 
illustrated in Figures 1. to 3, and comprises 
65 the frusto-conicarduct part 15" with a cylin- 



drical seat 23 to be engaged by the flange 14 
around the mouth of the flame tube 11 and 
the shoulder 24 to limit the axial extent of 
engagement of the flame tube 11 on the seat 
23. 70 

In this construction, the duct part 15 
is supported from the outer air casing, wall" 
31 by. means of a single strut-like member 33 
extending outwardly from the external 
surface of the duct part 15- and having at its 75 
outer end an axially elongated foot 34 which 
engages within a recess in a cap 35 occupying 
an elongated aperture .in the outer air casing 
wall 31, which aperture is bounded by an 
upstanding- land 36 affording a seat for a 80 
bolting flange 35a on the cap 35.. The cap 
35 is seemed to the land 36 by means- of studs 
37 extending- through the flange 35a, and the 
foot 34 of the strut-like member 33 is secured 
to the cap 35 by means of studs 38. The 85 
bottom of the recess for receiving the foot 34 
is cut away to receive a pair of union plugs 
39 communicating with ducts 40 running 
through the strut-like member 33.. The 
elongated aperture in the outer air casing 90 
wall 31 may, if desired, be made of sufficient 
size for the duct part 15 to be withdrawn 
through it. 

The strut-like member has a radial exten- 
sion 33a within the duct part 15. and the 95 
extension 33a terminates in a. boss 41 carrying 
a: fuel injection device 42. The ducts 40 also 
run through the extension 33a of the strut- 
like member 33 and the boss 41 and lead- to 
the fuel injection device 42. 100 

Referring now to Figures 7 to 9, there is 
illustrated a form of combustion equipment 
comprising an annular combustion chamber 
having coaxial inner and outer air casing 
walls 50, 5x respectively and within the 105 
annular spaces between the^walls 50, 51 a 
coaxially arranged annular flame tube having 
an inner wall 52'and an outer wall 53^ affording 
between them a fuel combustion space. 

As in the previous, construction, there is 110 
provided in the expansion chamber portion 
of the combustion equipment means to divide 
the air entering the expansion chamber from 
delivery duct 54 essentially into two streams, 
one. of which enters directly into the flame 115 
tube through its mouth 55 and the other of 
which passes- into the annular space 56 
between the inner air casing wall 50 and the 
inner flame tube wall 52 and the annular 
space 57 between the outer air casing wall 51 120 
and the outer flame tube wall" 53" to flow 
through these spaces 56' and 57 and to enter 
the flame-- tube through apertures in the walls 
52, 53- thereof. 

The means for dividing the> air into these 125 
streams comprises essentially am annular 
duct of divergent cross-section and in the 
construction illustrated the annular duct is 
formed in. a number of duct parts 58 each of 
which has a cross-section at right angles to 130 
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the axis of the flame tube which is a sector 
of anannulus. Each duct part 58 has formed 
integrally with it a strut-like member 59 
having a foot at its radially outer end 60 to 

5 engage in a - blister-like feature 61 on the 
outer air casing wall 51. Bolts 62 are pro- 
vided to secure the feet 60 in position within 
the blister-like feature 61. The radially- 
outer wall 58a of each duct part 58 is formed 

10 with an axial flange 63 and the axial flanges 
63 together form an annular seat which 
spigots within the mouth of the outer flame 
tube wall 53. The radially-inner wall 586 of 
each duct section is also provided with an 

15 axial flange 64 which axial flanges 64 to- 
gether form an annular seat over which 
engages the mouth of the flame tube inner 
wall 52. In this way the walls 52, 53 of the 
name tube are located at their inlet ends with 

20 respect to the air casing walls 50, 51. 

The inner and outer air casing walls 50, 51 
may conveniently be interconnected by 
radial webs 65 and these radial webs may be 
formed with axially-extending bosses 66 

25 carrying on their downstream ends fuel 
injection devices 67. 

In the arrangement illustrated there is 
provided "a radial web 65 and an associated 
fuel injection device 67 for each pillar-box 

30 slot-like duct part 58, and the fuel injection 
device 67 is located essentially within the 
pillar-box slot. If desired, however, more 
than one fuel injection device may be pro- 
vided for each pillar-box slot. 

35 Fuel is fed to the fuel-injection devices 67 
through ducts 68 extending through the 
radial webs 65 and axial bosses 66. 

If desired the strut-like members 59 may- 
be made in two parts, of which one part is 

40 formed integral with the outer air casing wall 
51 and the other part is made integral with 
the annular duct part 58, the two parts 
abutting one another and being secured 
together to locate the duct part 58 within the 

45 expansion chamber. 

What we claim is : — 

1. Combustion equipment for gas-turbine 
engines of the kind comprising a flame tube 
located within and spaced from an air casing, 

50 characterised in that there is provided means 
to separate air entering the flame tube at its 
inlet end from air flowing around the outside 
of the flame tube comprising a duct part, 
made in one piece, of which one edge divides 

55 the air flow and which is supported from the 
wall of the expansion chamber portion of the 
air casing by one or more struts extending 
from the duct part to a point of connection 
with the expansion chamber wall, and which 

60 is arranged to afford at its outlet end a 
support for the inlet end of the flame tube. 
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2. Combustion equipment as claimed in 
Claim 1, characterised in that the strut or 
struts are made integral with the duct part. 

3. Combustion equipment as claimed in 65 
Claims 1 or 2, in which the duct part affords 

a passage diverging from its inlet end to its 
outlet end. 

4. Combustion equipment as claimed in 
Claim 3, wherein one strut at least has an 70 
extension to within the divergent passage 
through the duct part, and terminates in a 
boss supporting a fuel-injection nozzle, there 
being fuel feed ducts to the fuel-injection 
nozzle formed in the strut. 

5. Combustion equipment according to 
any of Claims 1 to 4, characterised in that 
the duct part is arranged to support the inlet 
end of the flame tube by having a part at 
least of the periphery of its outlet end formed 80 
as a seat with which the inlet of the flame tube 

is engaged. 

6. Combustion equipment as claimed in 
any of Claims 1 to 5, having a plurality of _ 
flame tubes accommodated in individual air 85 
casings or in a single air casing, characterised 

in that the duct part associated with each 
flame tube is frusto-conical and the periphery 
of the larger end of the duct part is arranged 
to support the inlet end of the flame tube by 90 
being formed at its outlet end with a cylin- 
drical flange which fits into the inlet of the 
flame tube. 

7. Combustion equipment as claimed in _ 
any of Claims 1 to 5, having an annular 95 
flame tube between coaxial annular air 
casing walls, characterised by the provision 

of a plurality of duct parts each of pillar-box 
slot form and together affording a substan- r~ 
tially annular duct part and characterised 
by the flame tube being supported by having 
its inlet end engaged over the radially-inner 
and radially-outer peripheral portions of the 
pillar-box slot duct parts. 

S. Combustion equipment as claimed m iUO 
Claim 7, characterised by the provision of 
two or more injection nozzles for each pillar- 
box slot duct part. 

9. Combustion equipment for gas-turbine 
engines substantially as hereinbefore des- lw 
cribed with reference to and as illustrated in 
Figures 1 to 3, or Figures 4 to 6, or Figures 
7 to 9 of the accompanying drawings. ; 
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PROVISIONAL SPECIFICATION. 

Improvements in or relating .to tos-Trafoine Endues. 

We, Rolls-Royce Limited, a British an air casing, means to separate air. entering 60 

Company, of, Nightingale Road, Derby, do the flame tube at its inlet end from air flowing 

hereby declare the nature of this invention around the outside of the flame , tubecom- 

to be as follows : — prising a divergent duct part, which, is sup- 

5 This invention relates to gas-turbine ported from the expansion chamber portion 

engines and is" concerned more particularly of the air casing by one or more struts.extend- 65 

with combustion equipment for such engines, ing from the duct part to a point of cpnriec- 

On well-known form of combustion equip- tion with the expansion " chamber, portion, of 

ment comprises a plurality of separate com- the air casing, which iaeansTdiverges frpm.its 

10 bustion chambers disposed in a ring about a inlet end to outlet end and" which, is arrahged 

shaft interconnecting an engine compressor to provide a support. for the inlet end of . the 70 

with an engine; turbine, each combustion flame tube. Preferably the strut or. struts 

chamber comprising a tubular air casing with are made integral with the duct part. .'.""*' 

a* substantially coaxial flame tube located It will be appreciated that the means , to 

15 within the air casing in spaced relation there- separate the air entering the flame^tufe . at 

to; in such; a construction the com its -inlet end from air flowing, round the out- 75 

of the fuel occurs within the flame tube and side thereof is separate from.* the ^ 

the air entering the combustion chamber the latter being removable independently 

flows partly into the flame tube at its inlet thereof. " 

20 end; and partly around the outside of the According to a feature of c the invention, 

flame, tube between it and the air casing to the. strut, or. some or all qf3te-.%h&te"ihtfy- 80 

enterthe flame tube at points along its length, have an. extension to within . the du6t pstrt 

A second well-known form of combustion and may terminate in a bpss for_suppo^mg]a 

eqxiipment comprises an annular combustion fuel injection nozzle, the fuel feed" dubts.to 

25 chamber which encircles a- shaft intercon- the nozzle being formed in a s^u^. or struts. 

necting a compressor and turbine_ and a According to yet another feature J of tais 85 

plurality of flame-tubes disposed within the invention, the duct part raiy be arranged, to 

annular combustion space ; in this con- support the inlet end of the flame ^ tubre by 

- - struction also the air enters the . flame tubes having, a part at least of , the . periphery of 

30 partly through their inlet ends and partly its outlet end formed as. a - seat, with which the 

flows around the outside thereof to enter the inlet of the flame tube as. engaged. 5 90 
flame tubes at points along their length, the In constructions of combustion'. equipment 
fuel being burnt within the flame tubes. comprising a plurality of ^separate an v -casings 
A third well-known form of - combustion housing individual flame tiibes^ the duct pHrt 
35 equipment comprises an amiular combustion will .normally , be frustp- conical and the peri- 
chamber which encircles a shaft intercon- phery of the larger'; end thereof 'may" con- 95 
necting a compressor and turbine and an vemently be arranged to rapport , the. i^^t 
annular flame tube disposed within the end of the. flame tube, by, ^ ibrnl^g tlie outlet 
annular; combustion chamber and . in spaced end with a cylindrical ^ .flangei. whi6h\ fits' mto 
40 relation thereto ; in this construction also the inlet to. the flame. tub : eV ~\ 

the air enters the. flame tube partly through In cpnstaruetions i of, combustion equipment 100 

its inlet end and partly flpws into the annular comprising a plurality ' of . flame tubes., in"an 

spaces between the flame tube.and the walls annular chamber a similar duct^parj : niay^be 

of. the combustion chamber to enter the employed. 

45 flame' tube at points along its length, the fuel In constructions, of combustion . equipment 

. .being burnt within the flame tube. comprising an annular flame '^tube •* in.^an 105 
In each of . these. constructions! the. inlet annular, chamber,, the duct ^."part/ ma^ be 
end of -a combustion chamber is . normally, a extended ckcumf ere^tialljr to have a ' ^pillar- 
chamber of ; increasing cross T section in the box M dot .form, and the fl^am 
50 direction of flow* hereinafter referred to : as supported by . enga^g. its mj^ 

an. expansion chamber, and, the separation radiaUy. inner and. outer 110 

pf -thCvair flowing-. directly . into, a flame . tube of the. duct part at. least. With the. latter 

. and the air flowing outside it is normally construction, two or . more, mjeption ; npzzl$s 

"~ effected m the expansion chamber. Hitherto, . may be associated with each duct p^^^ 

55 such;separation has been effected by a part plurality of the duct parts may lae . employed 

. formed integrally, with the flame tube. * to form a substantially annular ^assembly;. ' * 115 

. According to this invention, there is pro- In some constructions according; to ». the 

vided in combustion equipment comprising a invention, the duct.part may.b.efprm 

Ifljune tubevlocated witl^ and spaced &gm naUy with, a imer so that^a . 
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profile may be obtained independently of the 
external profile of the duct part. The liner : 
mil preferably be formed of sheet metal to 
save weight. 
5 Three constructions of combustion equip- 
ment for gas-turbine engines embodying this 
-invention will now. be described by way of 
example. "* " " 

In the. first embodiment, the combustion 

10 "equipment for the gas-turbine engine com- 
prises a "plurality of combustion chambers 
each consisting of an air casing with a flame 
tube mounted centrally within the air casing 
so that the air entering the combustion 

15 chamber , is divided into two streams, one 
entering the flame tube at its mouth and the 
.other flowing around the outside of the flame 
tube in the annular space between the flame 
tube and air casing to enter the flame tube- 

20 through apertures or passages in the wall 
thereof. 

In this construction, as is usual, the inlet 
end of the air casing is formed as an expansion 
chamber. - - 

25 The flame tube, which is manufactured 
from sheet metal/ has its inlet end located 
downstream, from .the inlet end of the air 
casing and the mouth of the flame tube is 
bounded by an axiafly-extending cylindrical 
30 flange formed by turning the metal bounding 
. * the mouth of the flame tube back upon itself. 

- " A short sleeve may. be welded to the flange 
.internally thereof to provide a bearing 

surface. . .'" 

35 . In accordance with this invention, means is 
provided which separates the air entering 
the combustion chamber into two streams, 
/one of which passes into the flame tube 
through the mouth thereof and the other of 

40 which flows around the flame tube to enter it 
through apertures or passages in its walls. 
In this construction the means comprises a 
.frusto- conical duct part which is located 
within the expansion chamber and extends 

45 from the inlet end of the air casing to the 
plane of the mouth of the flame tube, the 
duct part having its narrower end adjacent 
the inlet to the air casing. The duct part has 
formed integrally with it three equi-angularly 

.50 . disposed radial strut-like parts by which the 

--- " duct part is connected with the air casing. 
.These, strrtt-like parts extend radially from 
the outer surface of the duct part to terminate 
in. feet which engage within blister-like 

55 features in the wall of the air casing and the 

- - strut-like parts are secured to the air casing 

by these feet. Each strut-like part is also 
extended radially inwards from the duct part 
to a .central boss which supports a fuel 
60 injection device and the fuel supply to the 

- - fuel injection device is led through ducts 

running through the strut-like parts from 
the feet thereof. . Conveniently the feet are 
provided with threaded sockets which receive 
65 " union plugs which extend through the walls of 



the blister-like features and provide the 
- means' whereby the strut-like parts are 
secured to the walls of the air casing. 

The larger end of the frusto- conical duct 
part is formed externally with a cylindrical 70 
seat to engage within the sleeve secured to 
the flange bounding the mouth of the flame 
tube, so that, when the duct part is located 
in position, the inlet end of the flame tube 
can be supported by the short sleeve engaging 75 
on the cylindrical seat. The duct part is - 
also preferably formed with a shoulder to 
limit the extent of axial movement of the 
flame tube in the upstream direction when 
it is engaged with the cylindrical seat. 80 

The second construction of combustion 
equipment comprises an annular combustion 
chamber in which a plurality of flame tubes 
are disposed and in this construction there is 
provided for each flame tube a duct part for 85 
separating the air which is to flow directly - 
into the flame tube from that which flows 
around it. 

The combustion equipment, which is des- 
cribed in connection with British Patent 90 
Application No. 16955 /49 (Serial No. 686,382) 
comprises an annular expansion chamber 
formed as a single casting with inner and 
outer combustion chamber walls secured to 
the outlet end of the casting. The flame 95 
tubes are located with their mouths substan- 
tially in the plane of the outlet end of the 
casting and are supported at their inlet ends 
by the individual duct parts which engage 
with the mouths of the flame tubes substan- 100 
tially in the same manner as described in 
connection with the first embodiment. In 
this construction, however, each duct part is 
supported by a single strut-like part which 
extends radially outwardly from the duct 105 
part to be supported from the outer wall of 
the inlet casting. 

In . this construction also the strut-like 
member is extended to within the duct part 
and terminates at its inner end in a boss 110 
supporting the fuel injection device associated 
with the flame tube and one or more passages 
are formed in the strut from its outer end to 
convey fuel to the fuel injection devices. 

A third construction of combustion equip- 115 
ment comprises an annular combustion 
chamber within which is disposed a single 
annular flame tube, and in this construction 
there is provided a substantially annular duct 
part for separating the air which is to flow 120 
directly into the flame tube from that which 
flows into the annular spaces between the 
flame tube and the walls of the combustion 
chamber. 

The combustion equipment comprises an 125 
annular expansion chamber formed with - 
axially and radially-extending strut members 
connecting the inner and outer walls thereof. 
The .flame tube is formed with its mouth 
downstream of the strut members, and is 130 
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supported at its inlet end by engagement 
with, annularly extending duct parts. These 
duct parts are supported either directly from 
said strut members, or the strut members are 

5 formed each in two abutting parts one of 
which parts is formed integral with the 
expansion chamber walls and the other of 
which parts is formed integral with a duct 
part and the duct parts are secured to the 

10 expansion chamber through the strut parts. 
The duct parts are formed with ckcurnferen- 
tiaUy-extending " pillar-box " slots which on 
assembly together define a substantially 



annular aperture. The duct parts are pro- 
vided with bearing surfaces, at least on their 15 
radially inner and outer peripheral portions, 
on which the mouth of the flame tube engages. 
One or more injection nozzles may be associ- 
ated with each duct part, and said duct parts 
are divergent in the direction of flow. 20 

Dated this 27th day of June, 1949. • 

BOULT, WADE & TENNANT, 
111 & 112, Hatton Garden, 

London, E.C.I, 
Chartered Patent Agents. 
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